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Changes in Preventable Death Rates
and Traumatic Care Systems in Korea
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Purpose: This study was performed in order to determine
the changes over time in preventable and potentially pre-
ventable traumatic death rates, and to assess the factors
that affected the deaths of trauma patients which occurred
in Korean pre-hospital and hospital settings.

Methods: All trauma deaths occurring either in the emer-
gency department (ED) or after admission at twenty Korean
hospitals between August 2009 and July 2010 were retro-
spectively analyzed. The deaths were initially reviewed by a
team of multidisciplinary specialists and classified into non-
preventable, potentially preventable, and preventable
deaths. Only preventable and potentially preventable
deaths were the subject of our analysis. Structured data
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extraction included patient demographics, vital signs, injury
severity, probability of survival, preventability of mortality,
reported errors in the evaluation and management of the
patient, and classification of error types (system, judgment,
knowledge).

Results: During the study period, 446 trauma victims died
in the ED or within 7 days after admission. The mean age
was 52 years, 74.1% were men and the mean time from
injury to death was 35.6 hours. The most common cause of
death was head injury (44.7%) followed by hemorrhage
(30.8%) and multi-organ failure (8.0%). The rates of pre-
ventable/potentially preventable deaths were 35.2% overall
and 29.8% when limited to patients surviving to admission.
Of all death classifications, 31.2% were potentially pre-
ventable and 4.0% were preventable. Errors leading to pre-
ventable death occurred in the emergency department
(51.2%), pre-hospital setting (30.3%) and during inter-hos-
pital transfer (60.8%). Most errors were related to clinical
management (48.4%) and structural problems in the emer-
gency medical system (36.5%).

Conclusion: The preventable death rates for Korean trau-
ma victims were higher than those found in other developed
countries, possibly due to poorly established emergency
medical systems for trauma victims in pre-hospital and hos-
pital settings. A system wide approach based on the emer-
gency medical system and well-developed in-hospital trau-
ma teams should be adopted in order to improve the quality
of care of trauma victims in Korea.

Key Words: Injuries, Emergency medical services, Death
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oh, FEsh AP 7Y o] % #A(1697) = £/ A AQl
FEFHT= o E YAl Aol &) Abgeke A
BomR A9ttt

=
do iz mo o ox
-101' r_& él

N
-

Trauma deaths

(n=823)
Non-trauma deaths
(n=52)
Deaths of arrival No datas Deaths after 7 days Deaths before 7 days
(n=140) (n=16) (n=169) (n=446)

Fig. 1. Trauma deaths in twenty hospitals from Aug. 2009 to July. 2010.
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2 7|2 % Abbreviated Injury Scale (AIS—90)
F7F 6ol AY okt & F T 7FA ool £3E S
&= non—preventable (NP) 2 #+43F5it). A A, 1
o] AIS A7t 5 ol" AEFEC] 50% "V 4, U
Al 82} e oA Revised Trauma Score (RTS)7} 63
njRtolH AJEgEo] 50%7 % A, TZFo 7AW
A4, 1133l A AbgdRle] SN A,
% A5S AHd Bt VEoEE
American College of Surgeonsol| 7|3t 3984
2 7Fol=gkell ATLS (Advanced Trauma Life
Support) °ll 71=d A5 HAo| AN, A4 74
Aol 75% olAkol vt FE H$-Z preventable (P)
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2, 424 7hgA0) 25%~T75%°1 Atk HE HE
potentially preventable (PP) %, &4 7}440] 25% ©]
Tro] vty #ekst 95 non—preventable (NP) &
@t al, HE oY 7he 9 AVEES PP} PRl AR
stk AP Alo]l | A WA LAl
WSt Ao et A o 7hs ARG (overall pre—
ventability) ¥ ‘H @A oA 7M5 A (hospital
preventability)’ ¢ ¥ 7 A2 o] mkatgdch A A
W 75 Abd(overall preventability)’ 2 o]% w49
84 & A-ET AT el A HAdoR o]FH Utk

Mg sell Bt Qo £ 23R MY FRE
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A5z WA B W AA b A ATES s
i, o5 gl FFOE AR AY b5 9% AYES
AT AT Ak 4, 47, Ansld, das
o Az, Il AR S AR B B R F et
=T

UEt = TRISS (Trauma score and the injury
severity score) 9] 7|AESEY 2 A9 At
5430 SeurI8e R4 guTwe] 9 e A
ol & Ml th FoFES 0.05% skl HAZEIH
2 SPSS 12.0 (SPSS for Windows release 12.0,
SPSS Inc., Chicago, USA) & A&l Th.

4 5
1. A=t CHARe] EHE £
A dAte] dvkd 542 Table 13 Zth, 442

o= 534, FA7} 205 (74.3%) 01T AFR 7| AE BT
A7} 1739 (62.7%), Fo] 497 (17.8%), 71EH7F 39
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M (13.0%), v]AFo] 114 (4.0%), BEAr] 78 (2.5%) =
o]ttt APY fole TR =2ro] 1309 (48.1%), E8o)
809 (29.6%) D}%* £4bo] 259 (9.3%), thikA A&
Aol 259 (9.3%) 0]

the injury severity score) 71t EEEo] 25% m|Nko]
1939 (44.2%), 71thBE2E0] 25~75%7F 174
(38.4%), 71 AYEEE] 75% o]AFo] 799 (17.4%)°] ]

2.0 ItsE

AR oy e 9 AFEES 35.2% % 2L A kA o4
o] ot 7} A AFEES 29.8% %2 AL S Th A
W 7bs 94k AFGE ZARlA 31.2% % PP, 4.0%%
P Abgolltt. WA A g o 7hs 4 AP E X
ALl A 27.6%= PP I, 2.2%= P Aldoldtt. A7 o

lré_u

N

th AR & S Al o Qe wf7hA] o AR At 1.64] 2 Y A Al o Tbs A AFREL 5.4%,
b, ARIL F- APG7EA] o] AIZEE St 3564170 AT AA A= 29.8% 1813 AA oW 7t 9 AV E
Table 1. Base-line characteristics of the study patients
Variable Number of patients %
Gender
Male 340 74.1
Female 119 259
Age (yr)
<55 226 49.2
>55 233 50.8
Type of accidents
Motor vehicle accident 285 62.1
Fall 87 19.0
Stab Wound 9 2.0
Others 65 14.2
Unknown 13 2.8
Cause of death
Head Injury 206 45,7
Hemorrhage 139 30.8
Organ Failure/Sepsis 36 8.0
Preexisting Condition 1 0.2
Pulmonary Embolism/DVT* 2 0.4
Multiple Injury 51 11.3
Others 16 35
Probability of survival (Ps) of TRISS*
Ps<25% 193 44.2
25% <Ps<%75 174 38.4
Ps>75% 79 174
Average Probability of survival (Ps) of TRISS* 0.37
Average time from accident to arrival inED " (hrs.) 16
Average time from accident to death (hrs.) 35.6
* TRISS: Trauma score and the injury severity score,
T ED: emergency department
T DVT: deep vein thrombosis
Table 2. Preventable death rates
PP* P! PP*+P* Total
Overal (N, %) 139 (31.2) 18 (4.0 157 (35.2) 446 (100.0)
Hospital (N, %) 123 (27.6) 10(2.2) 133 (29.8) 446 (100.0)

* PP: potentiallly preventable
T P: preventable
T N: number of patients.
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2 35.2%°] 91 tH(Table 2).

3.0 Its 24 AHUE Het

A oA 7t & AFEES 1997~1998d 50.4%,
2003~2004% 39.6%, 2006~2007 32.6%, ¥ 7
(2009~2010) = 35.2%% 2004 o3& & W3}
Ak B AT Ths 9% AR ERE 1997~19984
40.5%, 2003~2004d 25.7%, 2006~2007 24.3%,
BT (2009~2010) = 29.8%F 2004 o3 &
w317} gleb2 (Rig, 2, 3).

~
2
Hu

e =XME

I B}

xun

F 44679 FAbeA 12099 EAHo] LAYt} &
} T 2.729 EA ] BRI, FAH EA Fa
Aol 58.8% % 7 wWokal 11 vheol ¥ A A4
1% AR 25.4% A0 A T AP #E HlE2 o
Aol 64.3% % 7 B} FAH FHREZE AmelA

rrﬂ

A7 69.0%% 7HF wekon,
71.4%= 7+ =Skth(Table 3).

A AL 2 AR vae] & o A
9 e O:L/d H = 1:}7;]] =324 )\SE
flom TAH °l e A AT 2ol zt @

TZ8 ARl s AA sk AP v‘i—xi
T 5ds A9E HojE 19979 5 ¥ Eg ol 7o
Ao vuss o 2AA ARG o syt
sFR Hd A DA 3 ol F At ApA ek v
o] AdA o Fokon, FEA3 Hgo] AA s v
o] guld o w vkt A Hlwsl = g

Ay BE A £

H=2=
LT =

Wi sFRe 24 TAE A vl o)
(Table 4). SFNA 9 FAHE 20079 2419} & o

TAZE vws 2 o F2F EA47) 15.1%°04 19.0%
2 Z7telgda, A5 EA7F 81.3%04 75.4%F A

SHLTH29 (Table 4).

1997 2003

2007

2010 years

Fig. 2. Comparison on preventable death rates al casesin four studies.

1997 2003

2007

2010 years

Fig. 3. Comparison on preventable death rate treated in the hospital among four studies.
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5. A4k ZhAtel et
I #
2 AFeA 7] AFRTE 554 o] Ao H]go] =
obglth &4 71l M wEAFLSY B go] Eal Fo] 7+ 2 A7(2009~20109) oA p-2lvtet e ddAke] A
28t Q3 BAo] 9% At} Frfsta Qlom FR oAt 7b5 A AMRE-S 35.2% 1 HATA o A 9] ot
&Abol| 93k AV Bha}o] v o] BlLElg WY w2 & Ve A4 APEES 29.8%, B A @AM E 5.4%%
Fa7hA & ARk sk L (Table 5). t}. 20073 %} BlaLste] 247F 2.6%, 5.5%7F 71 AL
Table 3. Change of management errors occurred emergency department
1997~1998 2003~2004 2006~2007 2009~2010
N* % N* % N* % N* %
Structure 34 8.6 14 6.1 89 151 135 19.0
Reception 4 1.0 4 1.7 0 0.0 0 0.0
Resuscitation 15 3.8 0 0.0 4 0.7 16 2.3
Investigation 0 0.0 2 0.9 9 15 2 0.3
Monitoring 7 1.8 0 0.0 59 10 95 134
Dispatch 8 2.0 1 0.4 14 24 22 31
Others 0 0.0 7 3.0 3 05 0 0.0
Treatment 324 82.2 208 90.4 481 81.3 536 75.4
Consultation 20 51 14 6.1 24 4.0 58 8.2
Resuscitation 129 32.7 81 35.2 172 29.2 202 28.4
Investigation 50 12.7 34 14.8 34 10.0 52 7.3
Monitoring 37 9.4 40 17.4 90 15.2 63 8.9
Dispatch 49 124 23 10.0 86 14.6 103 145
Others 39 9.9 16 7.0 50 85 58 8.2
Diagnosis 8 21 3 13 3 0.5 14 20
Procedures 21 53 2 0.9 10 17 13 18
Others 7 18 3 13 8 14 13 18
Total 394 100.0 230 100.0 591 100.0 711 100.0

* N: number of patients

Table 4. Change of management errors occurred location and type

K orea (2006-2007)

Korea (2009-2010) Austraia (1997)

Related to B/A*100

Related to B/A*100 Related to B/A*100

Total (A) death (B) (%) Total (A) deth (B) (%) Total (A) death (B) (%)
Location
Prehospital transfer 236 (24.1) 106 (275) 449 307(254) 93(164) 303 254(152) 177(17.3) 69.7
Emergency department 591 (60.4) 196 (50.8) 33.2 701(58.8) 364(64.3) 51.2 842(504) 502(49.0) 59.6
Operation room 17( 17) 10( 26) 588 8(07 7(12 875 226(135 143(14.0) 633
Intensive care unit 70(72 37(96) 529 135(10.3) 67(11.8) 536 221(13.2) 129(126) 584
Ward 10( 100 4(10 40 7(06) 4(07 571 72(43) 49(48) 681
Interhospital transfer 54( 55 33(85 611 51(42 31(55 608 57(34 24(23) 421
Type
Structure 278(28.4) 102(26.4) 36.7 307(254) 112(198) 365 66( 39 46( 45 697
Treatment 664 (67.9) 266 (68.9) 40.1 834 (69.0) 401(71.4) 484 1,471(88.0) 894(87.3) 60.8
Diagnosis 9(09 5(13) 556 27(22 22(39 815 8(51) 52(51) 612
Procedure 19(19) 11(28 579 18(15 11(19 611 50(30 32(31 640
Others 8(08 2(05 250 23(19 17(30 739
Total 978 (100) 386(100) 39.5 1209 (100) 566 (100) 46.8 1,672(100.0) 1,024(100.0) 61.2
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A 7heEol A FAE Holthrh 20074 o] %2 A Aeta AU DA A ST Aol M AP B0l %7
ol DAY o THeE ] WSt }lth 1996~ ol 7249 FAH 5 AdEAE AT AFFEAA
199793 2006~2007A 8] ZAHA] oW 7k 94k Ab o =it o dalel gl e o] ol oW 7he 97 Al
FES F Wse A, 1996~1997d A 2003~2004 TES U 7 A I Ao rp
d7hA g A Ths o AP EY Ha = A, o7 W A 9 ¥ W @A A Tt 9
2003~2004 1A 2006~2007d7kA1 ] WA A o AbgEo] & 5of Hlsto] stk v =9 8do] 433 Level
7V 9 AFEE Y] Faoltt 1990 o] F &2 & AlH 1 oA e W oY ke o AP ES 5%l
A g ettt A o] e e Atel thE Al AR 471 ATelME tid ghatel S Al oA W E At
7b ol Fol A WA W ol 7k o7 AbgEel AAaE g T AL ES AET Fo APES S S Fst
1A A Ths A ATES SEARAAE /MY of A 7hs o AFES] kel £FE Y. Ty,
sh HHA gAag 0w ddkEn T8y, 2003~2004 2 AT SHAEAA 2e Tol AFEE SAbs A
d3 2006~2007d Afe] o Tk o AMEES A o] ¥A] oFE Aejol”] wlitel RIETIE AL i tel A

&57F1997~1998d 7} 2003~2004A Rt} =2t} o] A
Vi BAE A SFATAA A s A Ay
S BRAE HE @AV Arke AL BHolEn 1)
e A AN Fas AR BAY e REE F

o

KX

Romur

Table 5. Change of base-line characteristics of the study patients

AL =k 20039 13 Montana FolA+ 15.0%,
1998 A7MEANM = 22.4%2] 974 AHY AW 7s 94
A ES BAsPY. ulse A= 93kt FE e
et A A dAA Fxte] FFEe wet Level I I,

2006~2007 2009~2010
N % N %
Gender
Mae 377 68.4 340 74.1
Femae 174 31.6 119 25.9
Age
<55 269 48.8 226 49.2
>55 282 51.2 233 50.8
Type of accidents
MVA'T 363 66.2 285 62.1
Fall 74 135 87 19.0
Stab Wound 11 2.0 9 20
Others 64 11.7 65 14.2
Unknown 36 6.6 13 2.8
Cause of death
Head Injury 224 441 206 45,7
Hemorrhage 109 215 139 30.8
Organ Failure/Sepsis 25 4.9 36 8.0
Preexisting Condition 7 14 1 0.2
Pulmonary Embolism/DVT 10 20 2 04
Multiple Injury 109 215 51 11.3
Others 24 4.7 16 35
Probability of survival (Ps) of TRISS*
Ps<25% 118 334 193 44.2
25% <Ps< %75 73 20.7 174 384
Ps>75% 162 459 79 174
Average Probability of survival (Ps) of TRISS* 0.61 0.37
Average time from accident to arrival in ED* (hrs.) 38 16
Average time from accident to death (hrs.) 36.3 35.6

* TRISS: trauma score and the injury severity score
T MVA: motor vehicle accident
T ED: emergency department.
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e JEE vg SRE FE 9 G A Wﬂ =H| moll Al wae] EAVE e HZees, A=
S @b ES A e SEesta, o, -9l AME i AE7t AdIE et dAdE ndd
A7elst, @), vhHE T, teAE 2R o] F Fofl ke s do] vbRAA R A3 Frhdy 2 A
o e)ddol gl AEA el wt EAE A wska olM s d el A 271 dA= 74%01 =l o= AT
sETEs 27 ABFeR A Ths Y AARES off HjajA] = w2 o,
S Qln 9, 714 Ql A Tl AAR oY HE = A7 oW The 2 AP ES] ' SARA T2
o TAIE sdsta 2L wolv A 11975 7153} gaoeta kel 2 ) dA S Agnke vt
ap 3 AR hE A &AMt wHE FIE gog sgla o] A glormg BALAS S5
ohoole gt o ghxbe] FEu AR Vs ARl gAY = 9= AR A4 Wil o Stothert 59
= stu= ddste] fake] 27] A, $TE £, FF st AA Az B ARk vingls o LA A &
AL AR, FE5 A Bl A= e W o E 9, A4 = 357 30% A& = o] Aolzt o Ths A e
g el gb o], Aol tisk F714 Q1 Aael el &dho] Aol 9Fe £ B97F 5%7F Ak sl weba FH
L] oy 7hs o AP ES AaAld  dwY g FAAAe F71F BFE o8-8 A 7k
A 7hs AP 2o dele] | A5 A A & W71 E Afreka AR o] g3 ARTE WokA L
o B Fas ouAE g ¥ A Ae]FaAzE g e drs o 7het AP EO] obx = AEel
5 AA skl 1997~1998 3% 2003~2004 el = & WoE e BAARTE 2FEA G whiiel A
A AHE HO:]TMJ-— = Aol A v wEhs }lal A7 ARG A 7hs o AFEEC] B 2okl Tk
th 1996~19971d 35 ¥ Eegjo} 59 A9} Hlus e of Atk WA FF o Vb o AFEES] Akl 4
1 2003~2004d3} £ A77F A ZA T S wol7l fleliM e Faads 28 A7 A5
of glof ¢zt aFEY e A S ¥ 3k olF olty. ol A | o The 9% AFREY] A @ ATA
GAZE ApA s HlEe] AU er aren, e 7F AR S S ol 8EkY] Wil dAl mAA LR
5ol AA sz ulEo] A o Wkt gk} sl she GRS /lek 2 @ skl sl e
o rEAoluy Wﬁx}ﬂ AN F& T 5 FE 5 How getketo] vid oY 7hs o) AFgES] 4 W
AFgshz Zlo] ofyet e Aol o] A EA & 35 wEshs Aol A A9 A4 BuUEE 75
L gEA WelA A5 F 1?41 el =2s7] A 119 of F2Ql g ol
THEUZE FEF AFEe] Wl Ao daEm A 2 Arels Aol . AA, & AT Y Tk
A e s & ey ey 2 A o) APEE W] ARl o] AREA vk
7F AA sk vlE e wokvh 2 RE, e A el deAE ot HE Fdazdel s o) dArg kel A ks
AT FHAAAA L] FE] Al el dAlE gl 9 E e dad ol & AgelM e 9l s
off &3 et e A& @@O] Aol GE A ey, 1A 8l 2ol M = B LA HEE A
o Qg Al Sk WA A A o]F2 1197 A7) Wl o ks o AFEES] WEE Washs
FU7F AFA = vl gol b A3 B s AR H= HA7F e Aoz Az 24, SFAEA W
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